B s o C——

TITRPAM M

SECOND SEMI-ANNUAL PROGRESS REPORT

OF

w0t

TRANSFER AND INSTABILITY STUDIES OF TWO-PHASE FLOW

NS B S N

Period of Report:

Research Grant Number:

b
4

1 March 1965 to 31 August 1965
NGR 3€-004-008

vame of Grantee: Institute of Space Scilences
Departmeﬁt of Aerospace Englineering
University of Cincinnati

Cincinnati, Ohio 45221

Effective Date of Grant: 1 September 1964

Period of Research: 3 years

Total Amount of Grant: /iR

Haruo Oguro

Principal Investigator:
(Tel. No. 475-3549, Area Cod

]
o
0
L)

CATEGSRY;



Introduction ’
This report covers the work accomplished durilng the six-monin
- . A N N 2 . N
¢ ending 21 August 1905. The per*od considered herein is that
: ia which all reguired prcnawauor' negotiations and ar

e been 00wole+ed prior to engagement into the ac»ual
1. The negotiation with the Unlversity Cfficilals
renovation of the laboratory area, the vudgetary

sary to accomplish the researcn plan, and the de-
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nd plan for the immediate research problems were
! ﬂce and have been successfully attained. Our
tended to the University officials who have giver
K v Lo use and renovate the laboratory area and to NASA
cers and NaSA Lewis Research Center who approved our re-
cne budgetary transfer.
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The first report voncern*nN the mass transfer effect on two-
se nyérodvnailic instability will be released as a NASA Technical

Note or (ontractor Report in October, 1965.

Dacimreund Tolormation
On Marzh 1-3, Drs. R. P. Harrington and Haruo Oguro attended
NASA~U:iversity Program Review Conference held in Kansas City,
souri., The main object of this trip was to explore the pos-
silivy of par3101pat;ng further in the NASA program and to evalu-
cur participation in this program in relation to other uni-
sities.
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rt W. Graham, Head, Experimental Section, Fundamen-
“er Branch, NASA Lewls Research Center, was invited
mental Colloguium Lecture entitled, "Proplems of
w" on April 15. Dr. Graham's lecture was closely re-
cen
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¥ two-pnase flow research pfOJGCu and brought sig-
from the Department staff and students.
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he budgetary distribution was discussed
cemi-anmual period. The petition for

expenditures of the salaries fund o
itted to NASA Headguarters on April 29
v

105,

s. Oguro and R. G. Dale visited Dr.
& Lewls Research Center to present and discuss
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he NASA Research Grant. TFour members
wimer tal Section and Development Section
. . discussions enabled us to exchange
ee suggestions on our overall plans
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novoeliorn of Lazboratory Area

arge of the renovation of the
l be completed before the end
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cH5, University officials approved the spending of
ROIR renovacion or the leboratory area. The acitual con-
strucvLon is expected to start within a few weeks. The space
Llable for the laboratory is in excess of 2000 sq. £t. In ad-
ice gpace of 200 sg. ft., equipped with air con-
1 be located at one corner in order to supply ade-
r planning, discussion and storage. All necessary
er, city gas supply, 100 psia air source, water
oclaved eguipment will be available,

C: important efforts in our theoretical investigation
28 be @G toward the investigation of the mass transfer effect
Nt fiow. The Jirst problem attacked was the investigation
D the ma transfer effect on Tavlor instability which is ciosely
ralated to pool boliling instebllitv. The viscous and surface ten-
s cffects v.ore investigated by R. Belimann and R. H. Pennington (1).
Hoviever, thers has not bteen any solid understanding of the mass trans-
Ter effect. Dr. Ozuro and Mr. I-Vu Shen have approached this prob-
lem Ly assuming a non-viscous, inco Tpre351ble fluid. The results will
T2 lezsed as a WASA Tcchnical MNote or Contractor Report in October, |
i Tre regort will be centitled "Mass Transfer Effects on Tavlor /
- { ‘n Two-Phase Pool 2oiling" by Haruo Oguro and I-Wu Shen.
) rtant resulits nay be the appearance of The exponen-
¢ expression of The disturbed motion which seems to
3Tic of tThe mess transfer effect. The surface ten-
L be digccussed briefly as a first approximation
ent oI the present resulct.

the report mentioned &gbhove treats the fluids as in-
o

. & more realistic approach should inclucde the assump-
-EDKCfESSlOle filuid. To approach this geoal, the transient

por gide has been iﬁvest*gaueu in the case of the
transfer rate c¢cn the heating surface. The analy-
The general case was found difficult; nowever,
imilarity concept which had been demonstrated in
vulence, a type of similar solution was possible (2).
iclon corresponds To the case with constant heat

1
the heating surface which is the case of electri-
aving. To complete this problem, cne difficulty
tegral relation” to obtaln an analytical expres-
larity scludion. Even thcocuinh the analytical form

aif ult To find, 1t is possible to Tind an

n catisfying boundary conditions (3).
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ich i1s a perturbation renresenting a depart-
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uring the next perilod, an effort to obtain an approximate solu-
Tion will be attempted. When such a solution is available, the
results will be anollcable to the generalization of the mass trans-
fer effect on Taylor instability.

The extension of the present results of the mass transfer
efTect into the Torced convection case will be attempted during
the next period (4). Also, an attempt will be initiated using
the technane ”enerallzed by Sedov (5) to obtain a general set
of eguations which may be applicable to the general two-phase
flow. % study of non-equilibrium thermodynamics has been initia-
Ted and will be continued. A study on the effect of space charge
on bubble dynamics has been initiated on the basis of electro-
hydrodynamics (6) (7).

cy¥perimental Progress

Most efforts in the past six-month period have been devoted
toward the completion of the design and arrangement of the experi-
mental facllity. The results were brought to the ILecirls Research
Ceanter for discussion on August 25, 1965. Three blue-line prints
of the assembly drawings were left there for reference.

The design of the apparatus for the pool bolling experli-

ments has been completed and the construction is in progress.
The wvacuum chamber which encases the main body of the apparatus 1is
18 inches sguare and 24 inches high with 7 5/8" x 2 5/8" rectan-
cular giass ‘windows in each side wall. The purpose of the evacuated
encasement 1s first, to protect people from any danger during the
cperation; second, to reduce the heat loss from the apparatus due
to free convection and to ease the arrangement for an electrical
powerline, electrical lead, and pressure line; and third, to make
clear the optical path for observation.

The main body of the pool boiling apparatus is 12 inch
scuare and 14 inch high with a double glass window in each side
wzll., The double glass window was desligned to protect the high
temperature resictant Vycor inner glass from mechanical damage
by maintaining a small pressure differentiai acrcss it; indepen-
dent of the testing pressure.

The details of the construction of the pool boiling apparatus
will be reported during the fourth semi-annual period of the
present research project. In the forthcoming report, the first
resulits ¢f a pool boilino experiment will be included. The
Tnitiel ottempt at using the pool boiling apparatus will be a
sepnarat..o.r of the beat transfer due to the nucleate boiling from /

2 heat Tounslor due to free convection. The screen technique,
<h variible mesn sizes, will be used for this purpose. Three
dependent tr;nsversing mechanisms to accomodate necessary sens-
g elenmentz and screens were designed and thelr fabricatlon is
Prosy .

o

-



-

For the purpose of investigating the nucleation process and
bubble formation in the fluid, and the bubble dynamics’'with inter-
action on each other, the effort to use a Laser technique has been
initiated. Although 1t 1s too early to report any progress, one under-
sracuate student has started work for his thesis by exploring this
technigue. When we are able to demonstrate the usefulness of the
Laser project, 1t will be added to the present two~-phase flow project.
1t may be necessary to require addifional funds in order to perform a
Tull scale investigation. It is hoped that NASA or NSF would support
the Laser project.

The design of the apparatus for the forced convection experiment

1s completed and the construction will begin in the near future. The
malin emphasis has been placed on the channel flow interaction with
busblies. The flow control section was designed to give a uniform flow
at the ecntrance to the test section. Special care was taken to main-
vain the entering flow free of fluctuation. The flow channel of the
test section is 4 in. wide, 1/2 in. high and 54 in. long. The frame
size ig 7 inches by 8 inches and 56 inches long made of stainless

steel with the four pairs of double glass windows for optical observa-
tion. The principles used in the design of the windows were similar to

i

the principles used in the design of pool boiling apparatus.

Tne detalls of the construction of the forced convection ap-

tus will be reported during the fourth semi-annual period. In

a2 Torthcoming report, the first results of the forced convection
periment will be included. The first attempt at using the forced
cop will be to examine the effect of the small disturbance frequency
n the Revnolds number which is defined at the onset position of bub-
le removal. The ribbon technique, which is used in the investigation

th the approval of the budgetary transfer, we are 1n a posl-
sue the experimental program actively during the next
iod. The purchase of the instruments necessary to operate the
aratus will be ordered according to schedule. ‘

Research Personnel

Dr. Haruo Oguro, Associate Frofesscr of Aerospace Englneering,

nas served as the principal investigator on a full-time basis.
Dr. R. G. Dale, Assistant Professor of Aerospace Englneering, allo-
es 1C% of nis time to the project and is in charge of the renova-
- project. Mr. I-Wu (Peter) Shen has worked 60% of his time after

S0 ¥r. Shu-Jen (Edward) Hsia has worked at a full-time basils
1565. Both Messers Hsia and Shen were graduated and
i aster of Sclence degrees from the Department of Aerospace

ring in June and August, 1965, respectively.
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n Token has resumed his work on the two-phase flow

Mr., Kennet
on 2 full-time basis since the end of August, 1965. Mr. Barry
Zznnah will be joining us at the end of September, 1965. Messrs. Token,

Ysia, Hannah and Shen willl be Ph.D. stvudents beginning this September.
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Dr. R. P. Harrington, Director of the Institute of Space
Sciences and Professor and Head of the Department of Aerospace
Engineering, has served on the project on the overall matter of
project planning and has constantly encouraged us.

Mr. Cupito worked about 50% of his time as a mechanic on the

project. There 1s a definite need for increasing our fabrication
capacity. Several arrangements will be made in this direction.

References

(1) Bellman, R. and R. H. Pennington, "Effects of Surface Tension
and Viscosity on Taylor Instability", Quart. Appl. Math., 12,
151, (1954).

(2) Batchelor, G. K., "The Theory of Homogeneous Turbulence",
Cambridge University Press, 1953.

(3) Bellman, R., "Purturbation Technlques in Mathematics, Physics,
and Engineering", Holt, Rinehart and Winston, Inc., 1964.

(4) Tippets, F. E., "Critical Heat Flux and Flow Pattern Charac-
teristics of High Pressure Boiling Water in Forced Convection",
GEAP-3766, Atomic Power Equip. Dept., General Electric Co.,
San Jose, Calif., 1962.

(5) Sedov, L. I., "Introduction to the Mechanics of a Continuous
Medium", Addison-Wesley Publ. Co., Inc., 1965,

(6) Stuetzer, 0. M., "Magnetohydrodynamics and Electrodynamics',
Pnys. of Flulds, 5, 534 (1962). ‘

(N Stuetzer, 0. M., "Gas Bubbles in Charged Liquid", J. Appl.
| Phys., 34, 958, (1963). o

2/



